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0-- and OH- react with fatty acid methyl esters (FAMES) under chemical ionization 
conditions both as Br$nsted bases to form [M - HI- and as nucleophiles to form the 
carboxylate ion RCOW. O-’ shows a much greater tendency to react as a nucleophile than 
does OH-. The [M - H]- ions fragment by elimination of CH,OH, with unsaturation in 
certain positions in the fatty acid hydrocarbon chain promoting this elimination for unknown 
reasons. The reaction of O-’ and OH- with triacylglycerols leads to [M - HI-, characteristic 
of the molecular mass, and to carboxylate ions characteristic of the fatty acid(s) present in the 
lipid. The presence of the three ester functions in the lipids greatly enhances the formation of 
carboxylate ions compared to the FAMES. (I Am Sot Muss Spectrona 2994, 5, 553-557) 
A lthough the initial studies in chemical ioniza- tion (CI) were concerned exclusively with posi- tive ion CI [l, Z], the interest and activity in 
negative ion CI have grown significantly over the past 
15 years [3-51. In negative ion CI, Br#nsted bases, fl-, 
play a role analogous to the role played by Br$nsted 
acids in positive ion CI. Frequently, the dominant 
reaction of ‘W is proton abstraction to form [M - HI-, 
thus providing information as to molecular mass but 
little structural information. The oxide radical anion, 
O-; is unusual among negative ion CI reagent ions in 
that not only is it a strong Br$nsted base, but also it is 
a radical. As a result, it reacts with many organic 
substrates, not only by proton abstraction, but also by 
H atom abstraction, by Hz’ abstraction, and by H 
atom and alkyl radical displacement [6-201. This vari- 
ety of pathways creates the possibility that O-’ CI can 
provide more structural information than other nega- 
tive ion reagents, and this has been demonstrated in a 
number of studies [g-13]. 
In a continuation of our studies [12, 13, 18, 201 of 
0 ~’ CI of organic molecules, we report here the O-’ CI 
mass spectra of a selection of fatty acid methyl esters 
(FAMES) and triacylglycerols. Because of the impor- 
tance of fatty acids and their derivatives, such as 
lipids, in biological systems [21], there have been many 
studies of the electron ionization (EI) and positive ion 
CI mass spectra of these classes of compounds [22-271, 
although suprisingly few studies in the negative ion 
field. In a limited study, Bambagiotti et al. [28, 291 
have reported the OH- CI mass spectra of a few 
FAMES and observed abundant [M - H]- ions, char- 
acteristic of molecular mass, as well as carboxylate 
ions arising by nominal methyl radical elimination 
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from the molecular anion. In a very brief article [30], it 
has been noted that the OH- CI mass spectrum of 
mixed fatty acid esters of chloropropandiol shows 
low-intensity [M - HI- ions characteristic of the 
molecular masses, as well as intense carboxylate ions 
identifying the carboxylic acids present in the mixed 
esters; this result suggests that OH- or O-’ CI of 
triacylglycerols might be a useful analytical approach. 
ln the present study we have also recorded the OH- 
CI mass spectra of the FAMES and triacylglycerols for 
comparative purposes. 
Experimental 
Mass spectra were obtained using a VG 70-250s EB 
double focusing mass spectrometer (VG Analytical 
Ltd., Manchester, England) which was linked to a VG 
11-250J data system. The source temperature was 250 
“C, the ion chamber pressure gauge reading was 7.5 X 
10 5 torr (which corresponded to 0.1-0.3 torr pressure 
in the ion source), the ionizing electron energy was 100 
eV, and the ion accelerating voltage was 6 kV. The 
FAMES were introduced into the ion source by way of 
an HP5890A gas chromatograph (Hewlett-Packard, 
Avondale, PA), operating with a 30-m DB5 capillary 
column, The initial temperature was 190 “C with a 
ramp of 20 “/min to a final temperature of 270 “C. 
Approximately 200 ng of sample was injected onto the 
column. The triacylglycerols were introduced into the 
source by a direct exposure probe, except for triacetin 
and tributyrin which were introduced using a direct 
insertion probe. The CI mass spectra of the FAMES 
also were obtained using a VG Analytical ZAB-2FQ 
(BEqQ) mass spectrometer [31] operating in the double 
focusing mode with introduction of the ester either by 
a heated inlet system or by a direct insertion probe. 
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a nucleophile than OH-. One also should note that in 
For the same sample size introduced, the total sam- 
the O-’ CI mass spectra the ratio increases substan- 
tially for unsaturated FAMES (to a value in the range 
ple ion signals were four to ten times greater in the 
1.4-5.1). This raises the possibility that O-’ may be 
abstracting a proton from positions allylic to the dou- 
OH- CI mass spectra than in the O-’ CI mass spectra. 
ble bond(s). Gas phase acidity data for olefins are 
scarce; however, we note that AH”,,,(cyclohexeneY= 
We have observed that, in the absence of sample, the 
1617 kJ mol-’ [40] compared to AH”,,, (OH) = 1599 
kJ mole1 [40]; since our reactant ions are not thermally 
signal for O-’ in the N2/N20 mixture is less than that 
equilibrated but probably have excess kinetic energy 
[ 19,201, proton abstraction from allylic positions in the 
of OH- in the CH,/N,O mixture. This probably re- 
unsaturated FAMES is distinctly possible. Since 
AH”,,id(H,O) = 1635 kJ mol-l [40], ploton abstraction 
flects the lower efficiency of NZ relative to CH, in 
from allylic positions by OH- probably is occurring. 
However, since H+-abstraction is the dominant reac- 
thermalizing electrons [41, 421. In addition, O-’ reacts 
tion under OH’ CI conditions, the effect of this reac- 
tion channel is not clearly reflected in the relative ion 
with the esters partly by H-atom abstraction to give 
abundances. Again, deuterium labeling would be use- 
ful, but is difficult. It is interesting to note that no 
OH-, which also will lower the sensitivity for detec- 
[M - 2H-. ions are observed in the reaction of O-’ 
with the esters, although this is a significant reaction 
tion of the ester under O-’ CI conditions. In line with 
channel with many ketones [13]. 
this observation we noted that when the FAME was 
introduced using a direct inlet probe (which resulted 
in a higher partial pressure of the ester in the source), 
the [M - HI- ion signal was enhanced in the O-’ CI 
mass spectra ‘due to the occurrence of the reaction 
sequence 
O-‘+ M + OH- + [M - H] (1) 
OH-+M+[M-HI-+H,O (2) 
As expected, the OH- CI mass spectra were indepen- 
dent of sample size over the limited range investi- 
gated. 
Triacylglycerols 
Table 3 records the O-’ and OH- CT mass spectra of a 
series of triacylglycerols in which the three acyl groups 
are identical. Although triacetin and tribuytrin do not 
qualify as triacylglycerols of fatty acids, they have 
been included for completeness. Only two ionic prod- 
ucts are observed in the spectra, the [M - HI- ion and 
the carboxylate ion RCOW. Specifically, no fragment 
ion analogous to the [M - H - CH,OH]- ion ob- 
served for the FAMES is observed for the ‘tiiacylglyc- 
Table 3. O-’ and OH- CI Mass Spectra of Triacylglycerols 
CH,(OCOl+CHCOCOR&CH,(ocOR) 
m /z 
(Relative Abundance) 
o-’ Cl OH- Cl 
Triacylglycerol [M - HI- RCOO- [M - HI- RCOO- 
Triacetin 217 217 
(90) (loo) 
Tributyrin 301 Y&o, 301 67 
(31) (48) IlOO) 
Tricaproin 385 115 385 115 
(8) (lool (46) 1100~ 
Trilaurin 637 199 637 199 
(7) (1001 (231 (100) 
Trimyristin 721 227 721 227 
(7) (I 001 (261 (100) 
Tripalmitin 805 255 805 255 
(I 2) (loo) (25) (100) 
Tristearin 889 283 889 283 
(12) (100) (11) wo) 
Triolein 883 281 883 281 
(7) (100) (15) (100) 
erols. The carboxylate ion RCOO- is much more abun- 
dant for the tiacylglycerols than it is for the corre- 
sponding FAME. Thus, for the OH- CI mass spectrum 
0f tripalmitin, (cH,(OCOC,~H,,)_CH(~(X~~H~~)_ 
CH,(OCOC,,H,,)), [M - HIP/[RCOO-= 0.25, while 
for methyl pahnitate, (C16:O) (iM - HI-+[M - H - 
CH,OI-Ij-)/ [RCOO-= 12. Clearly, the tiester func- 
tionality has greatly increased the extent of nucle- 
ophilic attack relative to proton abstraction in reaction 
Tables 4 and 5 present, respectively, the O-’ and 
OH- CI mass spectra of triacylglycerols containing 
of both O-’ and OH-. In addition, as observed in the 
two different fatty acids. (The designation Cl&l corre- 
sponds to oleic acid which has a cis-9 double bond.) 
Three ion signals are observed, EM - HI- and the 
reaction of FAMES, O-’ has a greater tendency to react 
carboxylate ions derived from the two diierent fatty 
as a nucleophile than does OH-. It would be of inter- 
acids. In all cases the base peak corresponds to the 
carboxylate ion derived from the fatty acid which has a 
est to explore the extent of carboxylate ion formation 
double presence in the lipid. The second carboxylate 
ion has an abundance which is 40-80% of the ‘base 
peak. The first six entries in the tables are triacylglyc- 
by S,2 and B,2 reactions in these cases; since this 
erols which can be represented as A/A/B. The last 
eight entries represent isomeric pairs A/A/B and 
A/B/A where the second fatty acid (B> is in the 3 
would involve the use of “O-’ and ‘*OH- reagent 
position (A/A/B) or in the 2 position (A/B/A) of the 
ions, the experiments are best carried out using Fourier 
glycerol. There are not sufficient differences in the 
spectra of the isomeric pairs to distinguish the site of 
transform mass spectrometry. 
attachment of the fatty acids to the glycerol. The re- 
sults do serve to identify the molecular mass of the 
lipid through the [M - HI- ion and to identify the 
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